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(54) Arrangement for controlling 
flow of granular material through a 
passage 

(57) An arrangement device for 
controlling the flow of granular 
material through a passage, e.g. 
defined by a pipe 3, comprises 
members, e.g. an annular duct 5 and 
a vertically-movable hollow fracto- 
conical member 9, at least one of 
which has means for passing a gas 
through an inclined wall thereof into 
the passage between the members, 
defined by opposed inclined walls. 
The inclined walls may be parallel 
(Fig. 1), or define a tapered passage 
(Fig. 4), and the members may be . 
relatively movable (Fig. 1), or fixed 
(Fig. 4). 
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The drawing(s) originally filed was/were informal and the print here reproduced is taken from a later filed formal copy. 
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the upper sides of the first members 85 are 
provided with means for introducing fluidiza- 
tion agent in the outlet 8 1 in the form of 
openings 91. 
5 For the sake of clarity not all openings 90 
and 91 have been indicated with a reference 
numeral, and, in addition, the supports of the 
first and second members and the supply con- 
duits for supplying aeration agent to the 

10 means for introducing aeration agent in the 
passages and for supplying fluidization agent 
are not shown. 

During normal operation the container is 
filled with granular material, and aeration 

15 agent, supplied to the straight hollow bars 
through the supply conduits (not shown), is 
introduced in the passages 89 through the 
openings 90. To prevent stagnant zones fluidi- 
zation agent is supplied to the openings 91. 

20 The aeration agent will reduce the bulk density 
of material in the passages 89 and thus unob- 
structed flow of granular material through the 
passages is allowed. 
The sharp angle between inclined side walls 

25 and the central longitudinal axis of the device 
may be selected between 15° and 60°. 

The means for introducing aeration agent 
into the passages may comprise any suitable 
material, for example porous brick or sinter 

30 metal plate. 

CLAIMS 

T. Device for controlling flow of granular 
material comprising at least one first member 

35 having at least one inclined side wall, and at 
least one second member arranged next to a 
first member having at least one inclined side 
wall, wherein each inclined side wall of a sec- 
ond member is adjacent to an inclined side 

40 wall of a first member so that a passage is 
defined between the adjacent inclined side 
walls, and wherein at least the inclined side 
wall(s) of the first member{s) or the inclined 
side wall(s) of the second member(s) is (are) 

45 provided with means for introducing aeration 
agent into the passage(s). 

2. Device as claimed in claim 1 , wherein 
adjacent first and second members can be 
displaced relative to each other. 

50 3. Device as claimed in claim 1 or 2, com- 
prising one first member having a conical 
opening and one second member having a 
conical outer wall arranged in the conical 
opening. 

55 4. Device as claimed in claim 3, wherein the 
second member can be displaced relative to 
the first member. 

5. Device as claimed in claim 1 or 2, 
wherein a first member comprises a straight 

60 bar, and wherein a second member compris s 
a straight bar arranged parallel to the first 
member. 

6. Device as claimed in any one of the 
claims 1-5, wherein adjacent inclined side 

65 walls are substantially parallel to each other. 



7. Device as claimed In any one of the 
claims 1-6, wherein the sharp angle between 
an inclined side wall and the longitudinal axis 
of the device is between 15° and 60°. 
70 8. Device as claimed in any one of the 

claims 1-7, wherein the inclined side wall(s) of 
the second member(s) is (are) provided with 
means for introducing aeration agent into the 
passage(s). 
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ing f luidization agent 1 7, expressed as pres- 
sure drop across the means, is 25 kPa for a 
fluidization agent flowrate of 0.12 kg/s. 
The container is filled with granular material 
5 having diameters between 0.005 and 1 .00 

mm and a bulk density of 960 kg/m 3 . Fluidiza- 
. tion agent is introduced at a rate of 0.05 
kg/s. The level of granular material in the con- 
tainer is maintained at 2 m above the annular 

10 hollow body 5. 

Aeration agent is introduced in the passage 
15 at a flowrate of 0.002 kg/s, and 17.6 
kg/s of granular material having a bulk density 
of 870 kg/m 3 is passing into the discharge 

15 conduit 4. Thereupon the flowrate with which 
aeration agent is introduced in the passage 1 5 
is changed to 0:012 kg/s, and 24.4 kg/s of 
granular material having a bulk density of 757 
kg/m 3 is passing into the discharge conduit 4. 

20 Reference is made to Figures 2 and 3, 
showing the outlet of storage vessel 21 hav- 
ing a downwardly narrowing section 22 and a 
downwardly widening section 23 communicat- 
ing with conduits 24 and 25, which conduits 

25 are separated by a separation wall 26. The 
device for controlling flow of granular material 
comprises a first member in. the form of 
straight bar 28 having a triangular cross-sec- 
tion and having inclined side walls 30, and 

30 second members in the form of straight hol- 
low bars 33 having inclined side walls 34 and 
35\ The straight bar 28 is arranged on the 
separation wall 26, and the straight hollow 
bars 33 are arranged on supports (not shown) 

35 next to the straight bar 28 and next to the 
inclined wall of the downwardly widening sec- 
tion 23. 

Between the adjacent inclined side walls 30 
and 35 passages 36 are defined, and between 

40 the inclined wall of the downwardly widening 
section 23 and the inclined side walls 34 adja- 
cent thereto passages 38 are formed. 

The inclined side walls 34 and 35 of the 
straight hollow bars 33 are provided with 

45 means for introducing aeration agent in the 
passages 36 and 38 in the form of a plurality 
of openings 40. For the sake of clarity not all 
openings have been indicated with reference 
numerals. 

50 During normal operation the container is 
filled with granular material, and aeration agent 
supplied to the straight hollow bars through a 
supply tube (not shown) is introduced in the 
passages 36 and 38 through the openings 40. 

55 The aeration agent will reduce the bulk density 
of material in the passages 36 and 38, and 
thus unobstructed flow of granular material 
through the passages is allowed. 
Reference is made to Figure 4 showing an 

60 conical outlet 60 of a container having a large 
diameter, which outlet 60 communicates with 
a discharge conduit 62. Th devic for con- 
trolling the flow of granular material comprises 
first members in the form of straight bars 65 

65 and 66, and a second memb r in th form of 
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straight hollow bar 67 which is arranged next 
to the first members 65 and 66. 

The first members have inclined side walls 
68, 69, 70, and 71, and the second member 

70 has inclined side walls 72 and 73, wherein 
each inclined side wall of the second member 
is adjacent to an inclined side wall of a first 
member so that a passages 74 and 75 are 
defined between the adjacent inclined side 

75 walls. In addition passages 77 and 78 are 
formed between inclined side walls 68 and 7 1 
and the inner side of the outlet 60. 

The inclined side walls 68, 69, 70, 71, 72 
and 73 of the first and second members are 

80 provided with means for introducing aeration 
agent in the passages 74, 75, 77 and 78 in 
the form of a plurality of openings 80. 

For the sake of clarity not all openings 80 
have been indicated with a reference numeral, 

85 and the supports of the first and second 
members and the supply conduits for supply- 
ing aeration agent to the means for introduc- 
ing aeration agent in the passages are not 
shown. 

90 During normal operation the container is 
filled with granular material, and aeration agent 
supplied to the straight hollow bars through 
the supply conduits (not shown) is introduced 
in the passages 74, 75, 77 and 78 through 
95 the openings 80. The aeration agent will re- 
duce the bulk density of material in the pas- 
sages 74, 75, 77 and 78 and thus unob- 
structed flow of granular material through the 
passages Is allowed. 

100 The apparatus as described with reference 
to Figure 4 can suitably be used in a bunker 
flow reactor, where the bed of granular ma- 
terial in the outlet 60 is not a fluidized bed. In 
the outlet 60 mass flow will occur, and the 

105 supply of aeration agent has a further advan- 
tage that even if the wall of the conical outlet 
60 is flat no stagnant zones will be formed. 

A suitable apparatus for controlling low of 
granular material out of a fluidized bed is 

110 shown in Figure 5. The apparatus has an out- 
let 81 connected to the fluidized bed zone of 
a container having a large diameter, which 
outlet 81 communicates with a discharge con- 
duit 82. The device for controlling the flow of 

115 granular material comprises first members in 
the form of straight hollow bars 85, and sec- 
ond members in the form of straight hollow 
bars 86 which are arranged next to the first 
members. 

120 The first members have inclined side walls 
88, and the second members have inclined 
side walls 89, wherein each inclined side wall 
of a second m mber is adjacent to an inclined 
side wall of a first member s that passages 

125 90 are defined between the adjacent inclined 
side walls. 

The inclined side walls 89 f the second 
members are provided with means for intro- 
ducing aerati n agent in the passages 98 in 
130 the form f a plurality of penings 91, and 
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SPECIFICATION 

Device for controlling flow of granular ma- 
terial 

5 

The present invention relates to a device for 
controlling flow of granular material, such as 
shale particles, hot spent shale particles, coal 
particles, fly ash, or catalyst particles, out of 

10 an outlet such as an outlet of a container or a 
reaction vessel of a catalytic unit for example 
a catalytic cracking unit, or through a conduit. 

It is an object of the present invention to 
provide a simple and cheap device which is 

15 suitable for controlling flow out of a large out- 
let having for example a diameter larger than 
0.1 m and suitably larger than 0.5 m, or 
through a conduit having such a large dia- 
meter. 

20 To this end the device for controlling flow 
of granular material according to the invention 
comprises at least one first member having at 
least one inclined side wall, and at least one 
second member arranged next to a first mem- 

25 ber having at least one inclined side wall, 
wherein each inclined side wall of a second 
member is adjacent to an inclined side wall of 
a first member so that a passage is defined 
between the adjacent inclined side walls, and 

30 wherein at least the inclined side wall(s) of the 
first member(s) or the inclined side wall(s) of 
the second member(s) is (are) provided with 
means for introducing aeration agent into the 
passage(s). 

35 The flow of granular material is controlled 
by introducing aeration agent into the pas- 
sages at a predetermined rate. 

An advantage of the device according to the 
invention is that it does not contain moving 
40 parts in the passage through which the granu- 
lar material flows. 

Suitable aeration agents are steam, nitrogen, 
or synthesis gas. 
The invention will now be described by way 
45 of example with reference to the drawings, 
wherein 

Figure 1 shows schematically a first embodi- 
ment of the invention; 
Figure 2 shows schematically a second em- 
50 bodiment of the invention; 

Figure 3 shows a cross-section of Figure 2 
along the line Ill-Ill; and 

Figure 4 shows schematically a third em- 
bodiment of the invention; and 
55 Figure 5 shows schematically a fourth em- 
bodiment of the invention. 

Reference is first made to Figure 1 showing 
the outlet 3 of a container for granular ma- 
terial having a discharge conduit 4. The device 
60 for controlling flow of granular material out of 
the container comprises a first member in the 
f rm of annular hollow body 5 which is con- 
nect d to the wall of the outlet 3 and has an 
inclined side wall in the form of conical wall 
65 6, and a second member in the form of coni- 



cal h ilow body 9 having an inclined side wall 
in the form of conical wall 10, wherein the . 
conical hollow body 9, supported by support 
tube 13, is arranged near the annular hollow 

70 body 5. 

The conical wall 10 of the conical hollow 
body 9 is adjacent to the conical wall 6 of the 
annular hollow body 5 so that a passage 15 
is formed between the adjacent conical walls 

75 6 and 10. The conical wall 10 is provided 
with means for introducing aeration agent in 
the passage 15 in the form of a plurality of 
openings 16. For the sake of clarity not all 
openings have been indicated with reference 

80 numerals. 

During normal operation the container is 
filled with granular material, and aeration agent 
supplied to the support tube 13 is introduced 
in the passage 15 through the openings 16. 

85 The aeration agent will reduce the bulk density 
of material in the passage 1 5, and thus unob- 
structed flow of granular material through the 
passage 15 is allowed. 
It has been found that increasing the aera- 

90 tion agent flow rate will increase the mass 
flow rate of granular material through the pas- 
sage 15. So that by adjusting the aeration 
agent flow rate the flow of granular material 
can be controlled. 

95 To prevent stagnant zones of granular ma- 
terial resting on the annular hollow body 5, 
the upper surface of the annular hollow body 
5 can be provided with means for introducing 
fluidization agent in the form of a plurality of 

100 openings 17. During normal operation fluidiza- 
tion agent is supplied through conduit 18. 
Suitable fluidization agents are steam, nitro- 
gen, or synthesis gas. 
In an alternative embodiment of the inven- 

105 tion the support conduit 13 is slidably ar- 
ranged in bushing 19 connected to the wall of 
the discharge conduit 4 to allow displacement 
of the conical hollow body 9 relative to the 
annular hollow body 5 to adjust the width of 

1 10 the passage 15. 

The following example illustrates the ability 
of the device to control flow of granular ma- 
terial. In outlet 3 having a diameter of 1 .0 m 
an annular hollow body 5 is arranged having a 

1 15 thickness of 0.1 m and having an opening 
with a smallest diameter of 0.2 m, wherein 
the angle between the inclined side wall 6 and 
the central longitudinal axis 20 of the device 
is 20°. The inclined side wall 10 of the conical 

120 hollow body 9 is parallel to the inclined side 
wall 6, and the thickness of the passage 15 is 
0.05 m. The fluidization and aeration agent 
used in this example was air. The resistance 
against aeration agent flowing through the 

125 means for introducing aeration agent 16, ex- 
pressed as pressure drop across the means, 
is 10 kPa for an aeration agent flowrate of 
0.006 kg/s, and 20 kPa for a flowrate of 
0.012 kg/s. Moreover the r sistance against 

130 agent flowing through the means for introduc- 
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